INTRODUCTION
============

Gastric cancer is the second most common malignancy and the third leading cause of cancer death in Korea \[[@B1]\]. Although preoperative staging is helpful in selecting the most appropriate therapeutic strategy for patients with gastric cancer, it is difficult to predict their prognosis based solely on clinical staging. It is now widely accepted that both oncological characteristics and host response factors can affect variations within disease progression and clinical outcome in patients with colorectal cancer \[[@B2]\]. For instance, the immune status of the host can affect the prevalence of different types of cancer and outcome of cancer patients \[[@B3]\]. Moreover, recent studies have revealed a possible association between the presence of a systemic inflammatory response and a poor prognosis in cancer patients \[[@B4][@B5]\].

Meanwhile, some have attempted to determine the prognostic value of various markers of systemic inflammatory responses in certain groups of cancer patients, including cytokines such as intercellular adhesion molecule 1 and a neutrophil-to-lymphocyte ratio (NLR) \[[@B6]\]. An NLR can be calculated easily from a differential white blood cell count, and it can be used to evaluate cell-mediated immune responses \[[@B7]\]. In addition, preoperative NLRs reflect patients\' inflammation status, their clinical stage, and their survival rates for liver, lung and colon cancer \[[@B8][@B9][@B10]\]. In gastric cancer, a few studies with relatively small number of cases on the clinical importance and prognostic significance of NLRs have been reported to date. These studies argue that a high preoperative NLR might be a useful biomarker for identifying patients who have a poor prognosis after resection of primary gastric cancer. These studies calculated the cutoff value of NLR using median, 75 percentile value, or comparing P-value in Kaplan-Meier curve \[[@B11][@B12][@B13][@B14]\].

The aim of this study is to find the cutoff value of NLR, and to assess clinicopathological features and prognostic values of preoperative NLRs in patients with gastric cancer.

METHODS
=======

Patients
--------

During the period between August 1, 2005 and December 31, 2011, we collected data from 601 patients among those who had undergone surgery for gastric cancer at the Department of Surgery, Konkuk University Medical Center, and also who met the following inclusion criteria: the presence of primary gastric cancer; no preoperative chemotherapy; no distant metastasis; R0 resection (no residual macroscopic or microscopic tumor); and more than 15 examined lymph nodes (LNs). Clinical information and follow-up data were obtained from the hospital\'s electronic records. The obtained clinicopathological data include patient demographics (age and sex), preoperative NLRs, pathologic characteristics (size, location, histology, TNM stage according to the seventh American Joint Committee on Cancer TNM classification, and the number of examined LNs), and follow-up data (follow-up duration and survival status).

Methods
-------

Peripheral blood samples were gathered within two weeks during the preoperative period. The number of white blood cells and the percentage of particular types of cells were determined by using a hemocytometer, and the NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count.

We used a receiver-operating characteristic (ROC) curve to determine an appropriate cutoff value of the NLR. The area under curve was 0.635. We selected the 1.7 as cutoff value, at this point the sensitivity and specificity were 0.66 and 0.54, and the positive predictive value and negative predictive value was 0.18 and 0.91 ([Fig. 1](#F1){ref-type="fig"}). Thus we classified the subjects into high NLR (NLR ≥ 1.7) group and low NLR (NLR \< 1.7) group.

The location of tumor was categorized into three groups according to the operation records: upper third, middle third, and lower third. The histologic subtype was categorized as differentiated types (papillary adenocarcinoma, well differentiated tubular adenocarcinoma, and moderately differentiated tubular adenocarcinoma) and undifferentiated types (poorly differentiated tubular adenocarcinoma, signet ring cell carcinoma, and mucinous adenocarcinoma). Lastly, the follow-up duration was estimated from the date of surgery to the last follow-up date.

Statistical analysis
--------------------

An independent t-test, chi-square test, and Fisher exact test were performed to evaluate the clinicopathological characteristics between the high NLR group and low NLR group. The cumulative survival rates were compared using the Kaplan-Meier method and the log-rank test. Furthermore, the Cox proportional hazards model for multivariate analysis was applied to establish the independent prognostic factors. Data were analyzed by using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) and P-values less than 0.050 were considered as statistically significant.

RESULTS
=======

The patient demographics and clinicopathologic characteristics of the two NLR groups are summarized in [Table 1](#T1){ref-type="table"}. The gender, age, and American Society of Anesthesiologists score did not vary across the two groups. Moreover, the pathologic features (tumor size, histology, number of examined LN, T stage, N stage, and TNM stage) did not differ either, except for tumor location (P = 0.006). A median follow-up was 49.0 months (range, 2.4-104.4 months).

[Fig. 2](#F2){ref-type="fig"} presents the Kaplan-Meier curves with log-rank test of overall survival by gender, age, tumor location, histology, TNM stage, and NLR. Significant differences in survival were demonstrated by these variables.

Furthermore, multivariate analysis identified advanced TNM stage, high preoperative NLR (NLR ≥ 1.7), and old age (≥70 years) as significant prognostic factors ([Table 2](#T2){ref-type="table"}). Gender, tumor size, location, and histology did not show their prognostic significance when we applied the Cox proportional hazard model with forward stepwise selection procedures.

DISCUSSION
==========

A few studies have claimed that high preoperative NLRs in patients with different types of carcinoma are associated with a poor prognosis \[[@B8][@B9][@B10][@B11][@B12][@B13][@B14]\]. Likewise, our study also confirmed that the prognosis of patients with high NLRs was significantly worse than that of patients with low NLRs. Theoretically, since an NLR is significantly associated with tumor progression, the difference in survival rates may be partly explained by differences in tumor volumes between the low NLR group and high NLR group. However, this study did not find any difference in the distribution of TNM stage between the two groups, and established that NLR is a significant prognostic factor based on the multivariate analysis. This result means that NLR does not simply reflect the advancement of cancer, and might be an independent prognostic factor reflecting immune status of host.

Since a peripheral blood cell count is regarded as a convenient assay method, a NLR may be as a useful clinical biological marker that can be used to predict one\'s tumor load and host immune status. Moreover, neutrophils are described to be a major source of circulating angiogenetic and growth factors that can accelerate tumor progression, whereas lymphocytes are known to dominate the host immune responses via cytotoxic cell death and cytokines production that can inhibit proliferation of tumor cells \[[@B7][@B15]\]. The ability of tumors to invade and metastasize is dependent both on the intrinsic characteristics of the tumor cells and on the environment around the tumor \[[@B16]\]. In addition, the abnormal phenotype of the tumor may stimulate an influx of inflammatory cells into tissues around it, and the tissue destruction and disruption caused by the physical effects of the tumor may trigger a more generalized and nonspecific inflammatory response \[[@B17]\]. As a consequence of these inflammations, neutrophils may increase while lymphocytes decrease with the advancement of cancer \[[@B18]\]. Indeed, some studies have shown that increased neutrophils can suppress the cytolytic activity of lymphocytes, natural killer cells and activated T cells. Lastly, there is good, consistent evidence that the presence of a systemic inflammatory response is associated with a progressive nutritional and functional decline in cancer patients and their subsequent poor outcome \[[@B19][@B20]\].

The results of this study are in line with the existing studies, and demonstrated that an increased pretreatment NLR is associated with decreased overall survival, after adjusting known prognostic factors such as TNM stage. However, this study did not find any difference in the distribution of TNM stage between the two groups, which means NLR might be an independent prognostic factor reflecting immune status of host. To the best of our knowledge, this study enrolled the largest number of gastric cancer patients to date and calculated the NLR using ROC curve. On the other hand, this study also has some limitations. Firstly, this is a retrospective study conducted at a single institution. Secondly, we could not examine the patients\' underlying disease which could affect the NLR status. However, except emergency operations, scheduled operations usually were performed in good patients\' condition. So, the effect of infectious disease would be minimal.

In conclusion, the study verified that a high preoperative NLR (NLR ≥ 1.7) with advanced stage and old age (≥70 years) is a significant, prognostic factor for overall survival in patients with gastric cancer. That is, preoperative NLRs are simple, easily accessible laboratory findings that can be used to identify patients with poorer prognosis, although the mechanism should be elucidated by further basic research and clinical trials.
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###### Patients\' demographics and clinicopathological feature
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Values are presented as number (%) or mean ± standard deviation.

NLR, neutrophil to lymphocyte ratio; ASA, American Society of Anesthesiologists; LN, lymph node.

###### Significant prognostic factors in multivariate analysis
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NLR, neutrophil to lymphocyte ratio.
